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IN VIVO CHEMOTAXIS INDUCED BY POLYUNSATURATED FATTY ACIDS 
N EAL S. PENNEYS, M . D ., PH.D., PAUL SIMON , M . D ., VINCENT A. ZIBOH , PH.D., AND 
JEANNE SCHLOSSBERG, B .S. 
Department of Dermatology, U niuersity of Miami School of Medicine, Miami, Florida, U.S. A . 
Intradermal injection of as little as 500 ng of arachidonic acid or the metabolites from 
arachidonic acid incubated with soybean lipoxygenase produced infiltration of the upper 
dermis by polymorphonuclear leukocytes 18 hours after injection. In experiments comparing 
the chemotactic properties of four fatty acids in varying concentrations, oxidative products 
of arachidonic acid by soybean lipoxygenase were the most powerful followed by free 
arachidonic acid and free linoleic acid while stearic acid did not produce significant 
infutration. These findings suggest that the elevated levels of free arachidonic acid and an 
arachidonic acid metabolite (12L-hydroxy-5, 8, 10, 14-eicosatetraenoic acid), recently found 
in psoriatic epidermis, may at least in part be attracting polymorphonuclear leukocytes 
into psoriatic skin. 
One hypothesis of the evolution of a psoriatic 
lesion is that infiltration of the epidermis by 
neutrophils, "the squirting papilla," is the initial 
event flj. This hypothesis might require a chemo-
tactic agent released from epidermis to attract 
these cells. Hammerstrom et al (2] have observed 
increased levels of free arachidonic acid (AA) and 
an oxidative metabolite of AA. 12L-hydroxy-5, 8. 
10, 14-eicosatetraenoic acid, in tissue obtained 
from psoriatic plaque. Turner. Campbell, and 
Lynn 13] noted that oxidized substances derived 
from AA and eicosapentaenoic acid were strongly 
chemotactic in vitro. Goetz! , Woods, and Gorman 
l4J have reported that 12L-hydroxy-5, 8, 10, 14-
eicosatetraenoic acid was selectively chemotactic 
in vitro for human polymorphonuclear leukocytes 
<PMNJ. Low concentrations of 12L-hydroxy-5, 8, 
10, 14-eicosatetraenoic acid stimulated PMN ran-
dom migration without influencing other cell func-
tions. We postulate that increased levels of oxi-
dized metabolites of AA and perhaps AA in pso-
riatic lesions may be instrumental in attracting 
neutrophils into psoriatic skin as observed by 
Pinkus 11). In this report, the in vivo chemotatic 
abilities of AA, soybean lipoxygenase-treated AA, 
linoleic acid , and stearic acid have been evaluated. 
MATERIALS AND METHODS 
l l-'4 C]AA was obtained from New England Nuclear 
Corporation. and was greater than 95o/r pure as deter-
Manuscript received March 7, 1977; accepted for 
publication April 25. 1977. 
This study was supported in part by Grants AM 
19079 and Am 14901 from the National Institutes of 
H ealth and by the Dermatology Foundation of Miami . 
Dr. Penneys is the recipient of a Research Career 
Award. AM 00203 from the Na tional Institutes of 
Health. 
Reprint requests to: Neal S. Penneys. M.D. , Ph.D. , 
Department of Dermatology, University of Miami 
School of Medicine, P .O. Box 520875, Biscayne Annex, 
Miami , Florida 33152. 
435 
mined by thin-layer chromatography in the solvent 
system: chloroform:methanol:acetic acid (180:10:10). 
AA (20:4, n-6) was from Sigma, and was greater than 
99% pure as determined by gas liquid chromatographic 
analysis. Linoleic acid (18:2, n-8) was from Nutritional 
Biochemical Corp. Stearic acid (18:0) was from Nu 
Chek Prep. Soybean lipoxygenase was obtained from 
Sigma. and was shown to be active using the AA-
dependant oxygen consumption assay as previously 
described [5]. Silica gel G was from E. Merck. All 
organic solvents were the highest grades commercially 
available and were redistilled prior to use. 
Generation ofC-15 Oxidative Metabolites 
C-15 oxidative metabolites of AA were generated in 
a 1 ml reaction mixture containing 10 mM Tris-HCI 
buffer, pH 8.5, 1 mg of AA, and 1 rng of soybean 
upoxygenase [6]. Control incubations contained either 
buffer alone, buffer and 1 mg of AA, buffer and 1 mg of 
linoleic acid , or buffer and 1 rng of stearic acid. After 
incubation at 37"C for 20 minutes the aqueous phase 
was extracted with two 5-rnl ahquots of chloroform-
methanol (2:1). The combined organic phases were 
dried under nitrogen and r edissolved in sterile saline 
for injection. Recovery of AA from the reaction mixture 
was determined by measuring the loss of radioactivity 
during extraction and transfer of [1-"C) AA in similar 
buffer. 
Patient Studies 
Volunteers who had given informed consent received 
0.1 ml intradermal injections containing varying 
amounts of either tA ) AA, (B) soybean lipoxygenase-
treated AA, (Cl linoleic acid , (Dl stearic acid, or (E) 
saline. Eighteen hours later, 4-mm punch biopsies of 
the areas injected were taken. The specimens were 
processed and stained with hematoxylin and eosin for 
light microscopic examination. PMN were counted in 
the papillary dermis using the high, dry objective 
( X 400). 
RESULTS 
AA recovery following extraction from buffer 
was 40-60%. Calculations of injected fatty acid 
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FIG 1 Cutaneous cha nges 18 hours after intraderma l infection of 5 p.g of AA metabolites (A ). AA !8 ), linoleic 
acid (C ! , stearic acid ID l, a nd saline CEJ (X 260). N indicates neutrophil. 
included adjustments to correct for loss in this 
s tep. 
Infiltration ofPMNs into papillary and reticular 
dermis was observed following injection of as little 
as 500 ng AA metabolites. We acknowledge that 
true in tradermal concentrations of injected lipid 
are unknown because of unknown binding coeffi-
cients to dermal protein as well as altered solubil-
ity in biological fluids. For comparison of chemo-
tactic potency, we injected 5 )J..g of the various 
fatty acids. The metabolites of AA were the most 
potent chemotaxin, the number of infil trating 
neutrophils being at least tenfold tha t of the other 
test materia ls (Table). Figure 1A and lB show 
PMN infiltra tion produced by AA metabolites and 
AA. Eosinophj]s were a prominent feature in 
Nou. 1977 
these infiltrations. Linoleic acid was a less potent 
chemotaxin and eosinophils were less common 
IFig 1Cl. Although a rare PMN was present in 
the dermis following injection of stearic acid (Fig 
ill) , the fmdings were similar to those seen follow-
ing injection of saline (Fig lE). Similar changes 
were observed in 4 subjects. 
DISCUSSIOJ\ 
The injection of small quantities of a mixture of 
crude C-15 oxidative metabolites of AA previously 
incubated with soybean lipoxygenase produced 
dermal infiltration by PMNs. These data are in 
agreement with the in vitro studies of both Goetzl, 
Woods, and Gorman [4] and Turner, Campbell, 
and Lynn 13] who documented that oxidative me-
tabolites both enzymatic and nonenzymatic of AA 
are chemotactic. In our system, we observed many 
eosinophils in the infiltrate, a pattern also noted 
by Goetzl, Woods, and Gorman [4]. Although the 
15-hydroperoxyeicosa-5, 8, 11, 13-tetraenoic acid 
(a major product of soybean lipoxygenase) of ar-
achidonic acid has not been described in man it 
was of interest to test whether or not a major C-15 
metabolite of soybean lipoxygenase would also be 
chemotactic. Such a study is reasonable since all 
oxidative metabolites of arachidonic acid tested to 
date in vitro have been chemotactic [3,4]. Indeed, 
we used the soybean lipoxygenase system because 
the generation and isolation of the arachidonic 
acid metabolite at C-15 in vitro was simpler and 
more rapid than the generation of 12L-hydroxy-5, 
8, 10, 14-eicosatetraenoic acid in vitro which would 
require a system using human platelets followed 
by several chromatographic steps and characteri-
zation by mass spectrometry [4]. 
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PMN infiltration in the papillary dermis 18 hours after 
fatty acid injection 
PMN" 
Fatty acid 
Neutrophils Eosinophils 
Saline UY' 0.3 
AA 7.1 6.1 
AA metabolites 87.0 26.0 
Linoleic acid 5.0 1.2 
Stearic acid 0.8 1.3 
" Number of cells in the papillary dermis per 4-mm 
punch biopsy specimen. 
b Mean of 16 counted sections, 4 sections per subject. 
Our data show that the injection of AA alone 
produced only a mild chemotactic response. This 
in vivo fmding is consistent with the in vitro 
results of Turner, Campbell , and Lynn 13]. They 
found that several fatty acids and lipids were not 
chemotactic in the Boyden Chamber assay system; 
however, when oxidized, AA and linoleic acid 
generated oxidative metabolites which were chem-
otactic. The possibility, therefore, exists that the 
modest chemotactic abilities of AA and linoleic 
acid seen in this study are the result of oxidative 
catabolism by tissue lipoxygenase and cycle-oxy-
genase reactions after intradermal injection. 
Data from this paper also demonstrate that C-
15 oxidative product(s) of arachidonic acid and 
soybean lipoxygenase can also be chemotactic in 
vivo. This would imply that products of arachi-
donic acid peroxidation whether or not they are 
formed by the mammalian lipoxygenase [4], non-
enzymatic, [3] and soybean lipoxygenase as dem-
onstrated in these studies are chemotactic. 
AA functions as the substrate for many different 
intracellular biochemical processes, such as the 
formation of prostaglandins, thromboxanes, and 
prostacyclines [7-9]. In a recent report, Hammer-
strom et al [2] demonstrated increased amounts of 
free AA, 12L-bydroxy-5. 8, 10, 14-eicosatetraenoic 
acid, and prostaglandins E2 and F20 in psoriatic 
lesional skin. Although the reasons for these al-
tered concentrations are not clear, it is likely that 
increased quantities of free AA resulted in in-
creased intracellular levels of 12L-hydroxy-5-, 8, 
10, 14-eicosatetraenoic acid by skin lipoxygenase 
enzymatic conversion. Release of this and other 
oxidative metabolites could attract PMNs into 
epidermis. The possibility that other chemotactic 
factors, such as complement fragments, might 
also participate [10] cannot be ruled out. Further 
studies hopefully will add more light to the bio-
chemical conundrum in the psoriatic plaque. 
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